A total of 3,051 methicillin-susceptible Staphylococcus aureus (MSSA) isolates and methicillin-resistant S. aureus (MRSA) isolates in Europe were compared. MRSA isolates constituted 25% of all isolates and were more prevalent in southern Europe. MRSA isolates appeared to be more prevalent in intensive care units than in outpatient departments. Only a small minority of MSSA isolates were multidrug resistant, whereas the majority of MRSA isolates were multidrug resistant.
Methicillin resistance in Staphylococcus aureus is now common in many areas of the world. The frequencies of infections and outbreaks due to methicillin-resistant S. aureus (MRSA) have continued to increase (7, 11, 12) . It is noteworthy that the prevalence of MRSA varies from one geographic region to another and between different institutions in a given area. The prevalence of MRSA differs markedly among European countries (18) . MRSA is an increasingly important clinical problem since MRSA is often multidrug resistant and therapeutic options are limited.
The aim of the present study was to analyze recent data on the epidemiologies and susceptibilities of 3,051 S. aureus isolates from 25 university hospitals participating in the European SENTRY Antimicrobial Surveillance Program from April 1997 through February 1999 (6) . The epidemiologies of methicillin-susceptible S. aureus (MSSA) and MRSA isolates were studied by determining their prevalences in different specimens, on various wards, and in different age groups. The in vitro activities of 21 various antibiotic compounds were tested, and additionally, the percentage of multidrug-resistant isolates was determined for MSSA and MRSA isolates.
The species of the isolates (only one isolate per patient was allowed) were determined at the source and when deemed clinically significant by local criteria and were sent to the Eijkman-Winkler Institute (the European reference center for the SENTRY Antimicrobial Surveillance Program), together with relevant information for the isolate. The MICs of a range of antibiotics were determined by a broth microdilution (Sensititre, Westlake, Ohio) method by standard methods defined by the National Committee for Clinical Laboratory Standards (10) . The origins of the S. aureus isolates tested are shown in Table 1 . The presence of the mecA gene was determined by PCR with primers whose sequences were 5Ј-GTTGTAGTTGTCG GGTTTGG and 5Ј-CTTCCACATACCATCTTCTTTAAC.
Twenty-five percent of the isolates were methicillin resistant. The prevalence of MRSA is comparable to that found in recent U.S. studies (7, 12) , but the percentage of MRSA isolates is less than half of the percentage reported from Japan (4). The prevalence of MRSA was confirmed to vary considerably between different European countries and also between hospitals soft tissue infections (22.4%). These differences might be due to prolonged antibiotic treatment of severely sick patients, which generally have longer hospital stays, resulting in enhanced selection pressure. However, U.S. SENTRY Antimicrobial Surveillance Program staphylococcal isolates from different sources displayed rates of resistance comparable to those described above (12) . Considerable differences were observed when the distributions of MRSA isolates in different wards were compared (Fig.  1) . Almost 38% of the S. aureus isolates from intensive care units (ICUs) and 22.6% of the isolates from internal medicine wards were MRSA, whereas 0% of the isolates from emergency rooms and 1% of the isolates from outpatient departments were MRSA. This partly reflects the relative sizes of some specialties, but it also reflects the fact that some patients, e.g., critically ill patients in ICUs, have a greater chance of becoming colonized or infected. Our results concerning the prevalence of MRSA in different wards are largely in accordance with recent data from the United States. However, we were not able to confirm the extremely high prevalence of MRSA in ICUs described in the European Prevalence of Infection in Intensive Care study (17) . The low prevalence of MRSA in emergency rooms and outpatient departments suggests that the level of MRSA in the community is still lower than that in hospitals (5, 9) .
The distributions of both MSSA and MRSA among different age groups were similar. However, with the exception of newborns, S. aureus infections were more often found with increasing age, but their prevalence declined after 75 years of age. Compared to the age distribution for all infections with other organisms, no significant differences in the age distributions of individuals with MRSA infections were observed.
The distributions of the MICs for the isolates were as follows: Յ0.06 g/ml, 18.5% (n ϭ 565); 0.12 g/ml, 21.1% (n ϭ 645); 0.25 g/ml, 12.7% (n ϭ 388); 0.5 g/ml, 16.4% (n ϭ 501); 1 g/ml, 4.5% (n ϭ 137); 2 g/ml, 1.7% (n ϭ 51); 4 g/ml, 1.1% (n ϭ 35); 8 g/ml, 1.7% (n ϭ 51); and Ͼ8 g/ml, 22.2% (n ϭ 678). In 2.25% of the MRSA isolates, for all of which the oxacillin MIC was 4 g/ml, the mecA gene could not be detected by PCR (data not shown). Oxacillin resistance in these isolates may be explained by undetected penicillin-binding protein alterations or the production of large amounts of ␤-lactamase (1, 8, 16 ).
The comparative in vitro activities of 21 antimicrobial agents against MSSA and MRSA isolates are listed in Tables 2 and 3 , respectively. Of the MSSA isolates tested, 84.7% were resistant to penicillin, while MRSA isolates are, by definition, resistant to all ␤-lactam antibiotics. There is an obvious relationship between oxacillin resistance and resistance to other antibiotics ( Table 2 ). The percentage of MSSA isolates which were susceptible to erythromycin (77.5%) was more than eightfold higher than the percentage of MRSA isolates which were susceptible to erythromycin. While 94% of the MSSA isolates were susceptible to clindamycin, only 23% of the MRSA isolates exhibited susceptibility. Eighty-eight percent of the erythromycin-resistant MRSA isolates and 37% of the erythromycin-resistant MSSA isolates displayed a constitutive macrolidelincosamide-streptogramin B (MLS) resistance phenotype on the basis of the MICs. The other erythromycin-resistant S. aureus isolates had an inducible MLS resistance phenotype. The percentage of MRSA isolates showing susceptibility to gentamicin (22.8%) was more than fourfold lower than that of MSSA isolates. While susceptibility to tetracyclines fell from 88.5% among MSSA isolates to 40.5% among MRSA isolates, this decrease was far less pronounced for the structurally related compounds minocycline and doxycycline, to which some 90% of the MRSA showed in vitro susceptibility. More then 90% of all MSSA isolates were susceptible to ciprofloxacin, whereas less than 10% of all MRSA isolates tested were susceptible to ciprofloxacin (Table 2) . While 99.5% of the MSSA isolates were susceptible to quinupristin-dalfopristin, this rate was slightly decreased to 95.3% for the MRSA isolates. Vancomycin and linezolid were the only compounds tested to which reduced susceptibility was not recognized for any of the S. aureus isolates tested. One MRSA isolate was resistant to teicoplanin, whereas a second one was intermediate resistant.
The percentage of isolates resistant to all of the antibiotics listed in Fig. 2 with the exception of chloramphenicol was quite stable among the population of S. aureus isolates for which oxacillin MICs were Յ0.06 to 1 g/ml, but the percentage increased significantly with an increase in the oxacillin MIC to Ͼ2 g/ml.
Isolates were considered to be multidrug resistant when they displayed resistance to five (or more) of the following antibiotics, which represented different antibiotic classes: oxacillin, penicillin, erythromycin, clindamycin, gentamicin, ciprofloxacin, tetracycline, rifampin, and chloramphenicol. MRSA is, by definition, also resistant to penicillin (10) . Thus, all MRSA isolates were resistant to at least two classes of antibiotics. The results are shown in Fig. 3 . Only 2% of the MSSA isolates were multidrug resistant. However, 87% of the MRSA isolates were multidrug resistant and only 3% of the MRSA isolates were resistant to ␤-lactam antibiotics only.
The rates of susceptibility of the European S. aureus population were comparable to those determined from the data of Voss et al. (18) . The results from the SENTRY Antimicrobial Surveillance Program for blood isolates from the United States, Canada, and Latin America generally showed higher percentages of susceptibility for MSSA isolates to most antimicrobial agents with the exception of erythromycin, chloramphenicol, and rifampin (13) . This pattern was also observed for MRSA isolates from the United States and Latin America. A similar result was obtained when the European data were compared to the data from the SCOPE program (7), which investigated the susceptibilities of S. aureus isolates implicated in nosocomial bloodstream infections in the United States.
The glycopeptide agent vancomycin is still the drug of choice for the treatment of life-threatening infections caused by multidrug-resistant MRSA strains. Recent studies have suggested that treatment of infections with staphylococci currently considered susceptible according to the standards of the National Committee for Clinical Laboratory Standards but for which vancomycin MICs are 4 g/ml might lead to therapeutic failures and that such isolates might be precursors of vancomycinresistant S. aureus strains (14) . Although we did not find MRSA isolates with reduced susceptibility to vancomycin in the European S. aureus population, emerging vancomycin resistance is a constant threat since the first glycopeptide-intermediate-resistant S. aureus (GISA) isolates and hetero-GISA isolates have also been detected in Europe (3). For seven strains (0.23%) in the present European collection, vancomycin MICs were 4 g/ml. Recently, we investigated the seven strains for which the vancomycin MIC was 4 g/ml for their hetero-glycopeptide-intermediate resistance status. However, neither GISA nor hetero-GISA was detected (15) . Nevertheless, it is important to carefully monitor the prevalence of (hetero-)GISA, especially in MRSA populations because of the almost invariable multidrug-resistant nature of MRSA. FIG. 3 . Number of drugs to which S. aureus isolates were resistant for selected antibiotics (oxacillin, penicillin, gentamicin, erythromycin, clindamycin, ciprofloxacin, tetracycline, rifampin, and chloramphenicol) (number of resistances). Note that MRSA isolates were always resistant to two of these antimicrobial agents.
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